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Abstract 
 
Introduction of modern moulding sands with organic and inorganic binders requires the reclamation treatments in order to be able to reuse 
the matrices of spent sands. The spent sands, depending on the applied binding agent, are characterised by various abilities of the matrix 
reclamation. 
The results of investigations of the reclamation of spent moulding sands with the Rudal binder and spent sands with the Rezolit binder in 
the  system  of uniform sands and of mixed ones, are presented in the paper. Investigations were performed by means of the special 
experimental stands designed and built in the AGH University of Science and Technology, AGH, in Krakow. 
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1. Introduction 
 
The  results  of  technological  examinations  presented  in  the 
paper  are  aimed  at  the  application  of  the  selected  physical 
processes for the development of effective methods of removing 
coatings  of  spent  binding  materials  from  matrix  grains.  It  is 
specially important for spent sands difficult for the reclamation, 
such as the spent moulding sand with the inorganic binder Rudal 
and the spent moulding sand with the organic binder Rezolit.  
Currently, research investigations of domestic, European and 
out  of  Europe institutions are carried out to improve moulding 
sands  by  looking  for  new,  more  environment  friendly  binding 
agents characterised by an increased reclaimability as well as to 
improve  the  known  reclamation  methods  by  limiting  their 
unfavourable  features  (small  yield,  insufficient  matrix  cleaning, 
mechanical  wear,  high  energy  consumption,  matrix  chemical 
activity changes).  The research is also aimed at the development 
of  new,  more  effective,  reclamation  methods  based  on 
investigations  of  the  destruction  mechanism  of  spent  binding 
materials coatings [1-8].  
Investigations performed recently in the Faculty of Foundry 
Engineering,  AGH,  comprise  the  selective  application  of  the 
rubbing-grinding  mechanical  reclamation,  mechanical-cryogenic 
reclamation, wet reclamation and thermal reclamation [3, 4]. The 
cryogenic  effect  increases  the  brittleness  of  the  spent  binder 
coating  and thus improves its ability to be removed from grain 
surfaces by means of the reclamation treatment. 
 
 
2. Program of investigations 
 
Investigations were performed to determine the reclaimability 
of spent moulding sands with the Rudal binder, Rezolit binder and 
their mixtures. 
The  testing  program  consisted  of  the  preliminary 
examinations of spent sands, performing the determination of the 26                                       A RCHIV ES   o f  F O UNDRY   ENG INEERING   V o l u me  1 1 ,  Is s u e  4 / 2 0 1 1 , 2 5 - 30 
reclamation  effectiveness  of  uniform  sands  and  their  mixtures. 
The testing methodology applied for the estimation of individual 
spent sands and their reclaims is presented in Table 1. 
 
Table 1.  
Tests applied for the estimation of the reclamation degree of spent 
moulding sands and their mixture 
Tested 
parameter 
Moulding 
sand with 
the 
Rudal 
binder 
Moulding 
sand with 
the Rezolit 
binder 
Mixture of 
moulding 
sands 
85% Rudal 
+ 15% 
Rezolit 
Ignition loss  _  +  + 
 Na2O content  +    + 
 pH value  +  +  + 
Screen analysis  +  +  + 
Bending strength  +  +  + 
 
Performing  the  mechanical  reclamation  tests  on  the 
experimental stand 
Tests were performed on the existing experimental stand for 
the  reclamation,  with  the  variable  intensity  of  operations  (3 
different  influence  intensities  and  for each intensity 3 different 
times of operations). The reclamation degree was estimated on the 
basis of parameters given in Table 1. 
Testing 
Tests  of  the  moulding  sands reclaimability were performed 
from the delivered material on the experimental stand. The sands 
were subjected to the preliminary reclamation process according 
to the schematic presentation shown in Figure 1. 
 
 
Fig. 1. Primary reclamation process of spent moulding sands 
 
After  the  primary  reclamation,  sands  were  undergoing  the 
secondary  reclamation  by  means  of  the  special  test  apparatus 
described below.  
 
Experimental stand 
The  model  of  the  rotary  mechanical  reclaimer  used  in 
examinations (Fig.2) allows for the grinding-reclaiming treatment 
within the rotational speed range up to 840 rot./min. Rotations of 
the  properly  profiled  rotor  enable  to  perform  elementary 
operations  of  the  dry  mechanical  reclamation process: rubbing, 
grinding and crushing. The device operates in a periodic manner 
and the treatment of 2 kg of a polydispersive material is possible 
at  a  time.  In  order  to  limit  the  influence  of  an  increased 
temperature of the reclaimed material (which is heated due to a 
mechanical friction of structural rotor elements) on the obtained 
results, the external surface of the reclaimer bowl is water-cooled. 
 
 
 
Fig. 2. General view of the grinding  device (test apparatus) for the 
reclaimability investigations of various kinds of spent moulding 
sands 
 
The investigated spent moulding sands were subjected to the 
secondary  reclamation  process  according  to  the  schematic 
presentation given in Figure 3. 
 
 
Fig. 3. Secondary reclamation procedure 
 
 
3. Tests results 
 
Reclamation of spent moulding sands in the system of uniform 
sands 
 
Screen analysis 
The results of the screen analyses of the matrix, of the spent 
sands  and  the  reclaimed  materials  before  and  after  the  final 
classification,  were  used  for  the  presentation  of  the  tested 
materials parameters (Table 2 and Table 3) since they - in the best 
way - reflect the progress of the reclamation process [6]. 
On the basis of data presented in Table 2 and 3 the trend of 
changes of the characteristic values determined by means of the 
screen analysis can be observed.  The data in Tables are obtained 
before the final classification process (upper parts) and after the 
final classification process (lower parts). On their bases it can be 
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investigated  moulding  sands  are  properly  proceeding  since 
changes  of  average  diameters  (da  and  dh)  of  the  characteristic 
grains and of the theoretical surface (St) of the grain set are quite 
intensive, which indicates a good reclamation effectiveness. 
 
Table 2.  
Geometrical parameters of the reclaim from the spent moulding 
sand with the Rudal binder, calculated on the basis of the screen 
analysis results 
ANALYSES PERFORMED  BEFORE  THE FINAL 
CLASSIFICATION 
    Speed 1  Speed 2  Speed 3 
 
Spent 
mouldin
g sand 
5 min  15 
min 
5 
 min 
15 
min 
5 
min 
15 
min 
da  0.452  0.448  0.434  0.444  0.430  0.442  0.423 
dh  0.392  0.390  0.370  0.388  0.366  0.386  0.350 
St  57.78  57.82  61.13  57.85  61.79  58.67  64.78 
ANALYSES PERFORMED  AFTER  THE FINAL 
CLASSIFICATION 
 
Spent 
mouldin
g sand 
after the 
classifica
tion 
Speed 1  Speed 2  Speed 3 
5 min  15 
min 
5 
min 
15 
 min 
5 
min 
15 
min 
da  0.444  0.435  0.417  0.425  0.413 0.425  0.414 
dh  0.393  0.381  0.369  0.367  0.365 0.374  0.361 
St  57.64  59.41  61.32  60.21  62.12 60.54  62.74 
 
Table 3.  
Geometrical parameters of the reclaim from the spent moulding 
sand with the Rezolit binder, calculated on the basis of the screen 
analysis results 
ANALYSES PERFORMED  BEFORE  THE FINAL 
CLASSIFICATION 
    Speed 1  Speed 2  Speed 3 
 
Spent 
moulding 
sand 
5 min  15 
min 
5 
 min 
15 
min 
5 
min 
15 
min 
da  0.463  0.449  0.446  0.444 0.432  0.441  0.428 
dh  0.396  0.384  0.380  0.381 0.368  0.375  0.353 
St  57.23  58.99  59.54  59.36 61.55  60.41  64.02 
ANALYSES PERFORMED  AFTER  THE FINAL 
CLASSIFICATION 
 
Spent 
moulding 
sand 
after the 
classifica
tion 
Speed 1  Speed 2  Speed 3 
5 min  15m
in 
5 
min 
15 
 min 
5 
min 
15 
min 
da  0.494  0.526  0.519  0.510   0.495  0.501  0.488 
dh  0.482  0.492  0.483  0.460   0.457  0.454  0.442 
St  50.37  46.04  46.87  49.21   49.55  49.85  51.28 
 
 
 
 
Dust content in the reclaimed material 
 Dust  contents  in  the  tested  reclaimed  materials  were 
determined  by  means  of  screening  100  g  samples  in  the 
fluidisation column. The obtained results are presented in Figure 
4. 
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Fig. 4. Dust contents in the obtained reclaimed materials 
determined on the basis of blowing in the fluidisation column 
 
Data shown in Fig. 4 confirm conclusions resulting from the 
screen analyses. It can be stated, that the increased reclamation 
intensity  causes  the  generation  of  increased  amounts  of  dusts 
during the process. This increase is stable and nearly linear, which 
indicates that the reclamation process is properly running. 
 
Determination of the Na2O content and ignition losses (LOI) 
in reclaims 
The results of the Na2O content (spent sand with the Rudal 
binder) in spent moulding sands and in the reclaimed materials are 
presented in Figure 5. It can be stated, on the basis of the obtained 
results,  that  the  degree  of  grain  cleaning  increases  when  the 
reclamation  process  intensity  increases.  The  best  cleaning  of 
matrix  grains  was  obtained  at  the  rotational  speed  of  the  test 
apparatus rotor being 560 rot/min and the reclamation time of 15 
minutes. 
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Fig. 5. Na2O content in the reclaimed products (after the final 
classification process) – the moulding sand with the Rudal binder 
and the ignition loss (the moulding sand with the Rezolit resin) 
 
On the basis of the results of the ignition losses (spent sand with 
the Rezolit resin) it can be stated, that the reclamation processes 28                                       A RCHIV ES   o f  F O UNDRY   ENG INEERING   V o l u me  1 1 ,  Is s u e  4 / 2 0 1 1 , 2 5 - 30 
are the most intensive when the treatment is carried out with the 
rotational  speed  of  the  test  apparatus  being  560  rot/min.  A 
prolongation of the reclamation time increases the degree of grain 
cleaning from the spent binder coating. Since within the analysed 
range  of  rotational  speeds  and  reclamation  times  no  crushing 
effect  of  matrix  grains  was  observed,  performing  the  process 
under more intensive conditions seems justified. 
 
Determination  of  the  chemical  character of the reclaimed 
materials (pH) 
The pH value was measured for all tested samples after the 
final dedusting process. The results are presented in Figure 6. 
 
9,00
9,50
10,00
10,50
11,00
11,50
12,00
12,50
0 2 4 6 8 10 12 14 16
p
H
 
v
a
l
u
e
,
 
/
Reclamation time, min
Rezolit - Rot. speed 1 Rezolit - Rot. speed 2 Rezolit - Rot. Speed 3
Rudal - Rot. speed 1 Rudal - Rot. speed 2 Rudal - Rot. speed 3
 
Fig. 6. pH value of the reclaimed  materials as the reclamation 
time function 
 
It  can  be noted that in case of the spent moulding sand with the 
Rudal  binder  an  increased  intensity  of  the  reclamation  process 
(higher  rotational  speed  and  longer  time)  the  pH  valu e  slightly 
decreases.  The  pH reaction of the initial moulding sand is highly 
alkaline  –  it equals 12.02. After the most intensive reclamation 
treatment (560 rot/min, time = 15 minutes) the pH value decreases 
to 10.85.  
The  spent  sand  with  the  Rezolit  binder  is  also  alkaline  and 
pH=10.21.  The  reclamation  procedure  results  in  the  alkalinity 
decrease  of  the  obtained  reclaims.  The  lowest  alkalinity 
(pH=9.38)  was  obtained  for  the  reclaim  from  the  spent  sand 
undergoing the reclamation treatment in the test apparatus at the 
rotational speed of the impact-grinding rotor system being equal 
560 rot/min and time = 15 minutes. 
 
Reclamation of the mixture of spent sands with the Rezolit 
and Rudal binders 
Systems  of  mixed  moulding  sands  are  often  present in 
practical  applications of foundry plants. One of the sands (the 
most often in a larger percentage fraction) is used as the moulding 
sand, while the second one as the core sand. After the casting both 
sands  are  mixing  with  each  other  and  are  undergoing  the 
reclamation process as a mixture of sands.  
The  mechanical reclamation of spent moulding sands of the 
following proportions: the spent sand with the Rezolit resin 15% - 
the spent sand with the Rudal binder 85%, was carried out in the 
presented here investigations. The same reclamation methods and 
quality assessment procedures, as in the case of the uniform sands 
system, were applied. 
Screen analysis 
The results of the screen analyses of the matrix, of the mixture 
of  spent sands and the reclaimed materials before and after the 
final  classification  were  used for the presentation of the tested 
materials parameters (Table 4), which in the best way reflect the 
progress of the reclamation process [6]. 
 
Table 4. 
Geometrical  parameters  of  the  reclaim  of  the mixture of spent 
sands with the Rezolit resin and Rudal binder, calculated on the 
bases of the screen analysis results 
ANALYSES PERFORMED  BEFORE  THE FINAL 
CLASSIFICATION 
    Speed 1  Speed 2  Speed 3 
 
Spent 
moulding 
sand 
5 min  15 
min 
5 
 min 
15 
min 
5 
min 
15 
min 
da  0.443  0.439  0.425  0.435  0.421  0.433  0.415 
dh  0.384  0.382  0.363  0.380  0.359  0.378  0.343 
St  56.624  56.66  59.90  56.69  60.55  57.49  63.48 
ANALYSES PERFORMED  AFTER  THE FINAL 
CLASSIFICATION 
 
Spent 
moulding 
sand 
after the 
classifica
tion 
Speed 1  Speed 2  Speed 3 
5 min  15m
in 
5 
min 
15 
 min 
5 
min 
15 
min 
da  0.433  0.424  0.407   0.414   0.403  0.414  0.404 
dh  0.383  0.371  0.360   0.358    0.356  0.365  0.352 
St  56.199  57.92  59.78   58.70   60.56  59.02  61.17 
 
On the bases of the presented results it can be noticed that 
both  spent  moulding  sands  are  characterised  by  similar 
geometrical  parameters  (Table  2  and  Table  3),  and  thus  their 
mixture  does  not  differ  significantly  from  each  of  them  when 
occurring individually. The reclamation processes cause a gradual 
removal  of  a  binding  material  from  the grain surfaces of spent 
sands, which - in turn - cause small changes in their characteristic 
diameters and specific surfaces. 
 
Determination of the Na2O content and ignition losses (LOI) 
of the reclaim from the sands mixture 
It can be stated, on the basis of the obtained results, that the 
degree of grain cleaning of spent moulding sands increases when 
the reclamation process intensity increases. The best cleaning of 
the matrix grains was obtained at the rotational speed of the test 
apparatus  rotor  system  being  560  rot/min  and  the reclamation 
time of 15 minutes. 
Ignition  losses  as  well  as  the  Na2O  content  in  the  tested 
reclaims  are  slightly  lower  than  in  case  when  these  sands  are 
reclaimed as uniform moulding sands. However, the character of 
these  changes  is  similar  and  indicates  a  distinct  tendency  of 
decreasing  both  parameters  when  the  reclamation  time  is 
prolonged. 
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Fig. 7. The Na2O content and the ignition loss (LOI) of the 
reclaims from the tested spent sands mixture 
 
Investigation of strength properties of the obtained reclaims 
The successive stage of investigations was the determination 
of  strength properties of uniform moulding sands as well as of 
mixed  sands.  In  order  to  do  this  the  moulding  sands  of  the 
following composition were prepared (Table 5): 
 
Procedures  and  compositions  recommended  by  the  binding 
materials producers were applied in all preparations. 
 
Table 5.  
List of moulding sands with the reclaims prepared in tests 
Sand 
number   Matrix  Binder  Tested  
parameter 
1  High-silica sand  Rezolit + 
hardener 
Rg
u4h; [MPa] 
2  High-silica sand  Rezolit + 
hardener 
3  Reclaim  Rezolit 
(speed 1-15 min) 
Rezolit + 
hardener 
4  Reclaim  Rezolit 
(speed 2-15 min) 
Rezolit + 
hardener 
5  Reclaim  Rezolit 
(speed 3-15 min) 
Rezolit + 
hardener 
6  Reclaim Rudal 
(speed 1-15 min) 
Rudal + 
hardener 
7  Reclaim Rudal 
(speed 2-15 min) 
Rudal + 
hardener 
8  Reclaim Rudal 
(speed 3-15 min) 
Rudal + 
hardener 
9 
Reclaim from the 
sands mixture 
(speed 1-15 min) 
Rezolit + 
hardener 
10 
Reclaim from the 
sands mixture 
(speed 1-15 min) 
Rezolit + 
hardener 
11 
Reclaim from the 
sands mixture 
(speed 1-15 min) 
Rezolit + 
hardener 
 
 
 
The obtained results are presented in Figure 8 
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Fig. 8. Results of the bending strength of samples made with the 
fraction of uniform sands reclaims and mixed sands reclaims 
 
The obtained results presented in Figure 8 indicate that 
an  increased  degree  of  cleaning  the  matrix  grains  from  spent 
binding  agents leads – both, in case of uniform sands and sand 
mixtures  -  to  improving  strength  properties of moulding sands 
prepared with the reclaim. In case of applying the reclaim from 
the mixture of spent sands as the matrix for preparing the sand 
with  the  Rezolit  resin  the  obtained  moulding  sands  exhibit 
strength properties only slightly different (to 7%) than moulding 
sands prepared with the reclaim from the spent uniform moulding 
sands.  
 
 
4. Conclusions 
 
The following conclusions can be drawn, on the grounds of 
the  performed  investigations  of  the  reclaimability  of the spent 
moulding  sands  with  the  Rezolit  and  Rudal  binding  agents, 
reclaimed in the uniform and mixed sands systems: 
-  The spent sand with the Rudal binder belongs to the group 
of  sands  characterised  by  a  medium  ability  for  the 
reclamation.  An  increased  intensity  of  the  reclamation 
process leads to obtaining the reclaim of better parameters. 
The  best  parameters  (Na2O)  were  achieved  for  sands 
undergoing the most intensive treatment (rotational speed of 
the testing apparatus = 560 rot/min, reclamation time = 15 
min.), 
-  The spent sand with the Rezolit binder has a medium ability 
for  the  reclamation  processes.  The  maximum  reclamation 
degree obtained during testing was 24%, which predisposes 
the usage of this reclaim in the preparation of sands with the 
same  binder  (Rezolit).  This  reclaim  can  be  used  as  a 
backing sand component (in 100%) as well as a component 
of  a  mixture high-silica sand- reclaim in case of preparing 
facing sands. 
-  The tests were carried out at the optimal, safe for the matrix 
work  parameters  of  the  experimental  test  apparatus.  An 
application  of  higher  rotational  speeds  would  cause  the 30                                       A RCHIV ES   o f  F O UNDRY   ENG INEERING   V o l u me  1 1 ,  Is s u e  4 / 2 0 1 1 , 2 5 - 30 
matrix  destruction,  which  is  a  very  adverse  effect 
influencing  negatively the moulding sand. 
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